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Abstrat
A brief history of the determination of the Hubble onstant H0 is given.
Early attempts following Lemaître (1927) gave muh too high values
due to errors of the magnitude sale, Malmquist bias and alibration
problems. By 1962 most authors agreed that 75
∼
< H0
∼
< 130. After
1975 a dihotomy arose with values near 100 and others around 55.
The former ame from apparent-magnitude-limited samples and were
aeted by Malmquist bias. New distane indiators were introdued;
they were sometimes laimed to yield high values of H0, but the most
reent data lead to H0 in the 60's, yet with remaining diulties as to
the zero-point of the respetive distane indiators. SNe Ia with their
large range and very small luminosity dispersion (avoiding Malmquist
bias) oer a unique opportunity to determine the large-sale value of
H0. Their maximum luminosity an be well alibrated from 10 SNe Ia
in loal parent galaxies whose Cepheids have been observed with HST.
An unforeseen diulty  aeting all Cepheid distanes  is that their
P-L relation varies from galaxy to galaxy, presumably in funtion of
metalliity. A proposed solution is summarized here. The onlusion
is that H0 = 63.2 ± 1.3 (random) ±5.3 (systemati) on all sales. The
expansion age beomes then (with Ωm = 0.3,ΩΛ = 0.7) 15.1 Gyr.
1 Introdution
The present value of the Hubble parameter is generally alled Hubble Con-
stant (H0). The present value requires minimum look-bak-times; it is there-
fore to be determined at the smallest feasable distanes and is adequately
dened by
H0 =
v
r
[km s−1 Mp−1], (1)
where v = cz, z = ∆λ/λ0, and r = distane in Mp. As long as z ≪ 1,
it is indiated to interprete cz as a reession veloity beause the observer
measures the sum of the spae expansion term zcosmic = R0/Remission − 1
(R being the sale fator) and zpec aused by the density utuation-indued
peuliar motions. At small zcosmic and in high-density regions zpec is not
negligible. It is therefore mandatory to measure H0(osmi) at distanes
where zcosmic ≫ zpec and outside of lusters. Any determination of H0 must
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therefore ompromise between two onditions: the smallest possible galaxy
distanes r and a minimum inuene of zpec. The loal Group is obviously
useless for the determination of H0 beause it is probably gravitationally
bound. The nearby Virgo luster aets the loal expansion eld out to
∼ 2000 km s−1 (see Setion 6). At v ∼ 3000 km s−1 the relative ontribution
of random veloities of eld galaxies dereases to less than 10%, yet a volume
of roughly similar radius has a bulk motion of 630 km s−1 with respet to
the CMB. To be on the safe side it is therefore desirable to trae H0 out to
say ∼ 20 000 km s−1. The expansion rate at this distane is for all pratial
purposes still undistinguishable from its present value.
The rst spetra of galaxies and the measurement of their radial veloities
by Slipher (1914) and later by M. Humason and others was an epohal ahieve-
ment. Today the observation of the redshifts needed for the alibration of H0
is routine. The emphasis here lies therefore entirely on the determination of
galaxy distanes.
2 The First Galaxy Distanes
While the question as to the nature of the nebulae was still wide open,
Hertzsprung (1914) applied the period-luminosity (P-L) relation of Cepheids,
whih he had alibrated with Galati Cepheids, and found a distane modulus
of SMC of (m−M)SMC = 20.3 (115 kp), roughly a fator 1.8 too large. A-
ording to the ustom of the time he transformed the distane into a trigono-
metri parallax of 0.′′0001, losing a fator of 10 during the proess. While
transforming the parallax into light years he lost another fator of ten. Thus
his published distane of 3000 light years buried his sensational result.
In the following year Shapley (1915) repeated Hertzsprung's measurement.
For various reasons he now obtained a Cepheid distane of only (m−M)SMC =
16.1 (17 kp), whih he slightly inreased in 1918 and whih he ould take as
a onrmation of his onvition that all nebulae were part of his very large
Galati system.
Lundmark (1920) was the rst to reognize supernovae as a lass distint
from novae. This explained the brightness of the nova 1885 in M31 and led
him to a modulus of (m −M)M31 = 21.3 (180 kp). Still muh too low the
value ould not be aommodated within even the wildest size estimates of
the Galaxy. But the result had no inuene on the Great Debate (f. Fernie
1970).
Öpik (1921, 1922) ingeniously used the rotation veloity of M31 to deter-
mine the mass-to-light ratio of the galaxy and he broke the distane degener-
ay of this value by adopting a very reasonable mass-to-light ratio of the Solar
neighborhood. He obtained a stunningly good value of (m −M)M31 = 24.5
(750 kp), whih he dereased in the following year by a fator of 1.7. Öpik's
papers remained unnotied.
The disovery of several novae in nebulae, rst by Rithey (1917), stimu-
lated the searh for variability and led Hubble to the disovery of a Cepheid in
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M31 in 1923,  the rst Cepheid beyond the Magellani Clouds. At the meet-
ing of the Assoiation for the Advanement of Siene in Deember 1924 he
announed the disovery of several very faint Cepheids in M31. They proved
that many of the nebulae are atually island universes, but the proof was
not yet generally aepted, beause van Maanen's (1923) laim of a detetable
rotation of the spirals. Hubble published his Cepheid distane of M31 only
in 1929a, after he had published the Cepheids in NGC6822 (1925) and M33
(1926).
Hubble used his Cepheid distanes to alibrate the brightest stars (Mpg =
−6.m3) and the mean luminosity of bright galaxies (Mpg = −15.
m8; either
value being 4m− 5m too faint). In this way he extended his distane sale out
to the Virgo luster. In 1929b he plotted 31 of his distanes against Slipher's
radial veloities. Not without remaining doubts, he onluded from the orre-
lation of these two parameters that the Universe was expanding and that the
expansion rate was H0 = 500  a value whih he never deisively revised. His
paper is generally onsidered to be the disovery of the expanding Universe,
although Lemaître (1927) and Robertson (1928) had antiipated the result
and published expansion rates  using Hubble's distanes  orresponding to
H0 = 627 and 461, respetively. de Sitter (1930) used 54 galaxy diameters
and radial veloities out to the Coma luster  again making extensive use
of Hubble's data  to derive H0 = 461. Oort (1931), questioning Hubble's
bell-shaped galaxian luminosity funtion and inreasing the luminosity of the
really big galaxies, onluded that H0 ≈ 290. The result was important (yet
hardly notied) beause it implied an expansion age of ∼3.5 Gyr (For q0 = 0)
and removed the open ontradition with geologial ages of the time.
For the next 20 years little was done on H0 until Behr (1951) hallenged
Hubble's value. He notied the large luminosity satter of Loal Group galax-
ies and he argued via the Malmquist eet that Hubble's mean luminosity
was too faint by ∼ 1.m5 if applied to more distant, magnitude-seleted galax-
ies. (This is to my knowledge the rst mentioning of Malmquist statistis in
extragalati work). Citing Baade (1944) he also orreted Hubble's magni-
tudes by 0.m35 (at 18.m3). These were Behr's two main reasons for deriving
a value of H0 = 260. He would have found an even smaller value had he
known of Stebbins, Whitford, & Johnson's (1950) pioneering photoeletri
photometry whih proved Hubble's photometri sale error to be even larger.
The Malmquist (1920, 1922) bias of apparent-magnitude-limited samples
as opposed to distane-limited samples (whih are very hard to ome by) was
fully aknowledged by stellar astronomers sine the 1920's, but it has beset 
if negleted  the extragalati distane sale until quite reent times and led
onsistently to too high values of H0. The eet is illustrated in Fig. 1 and
shows that in magnitude-limited samples the mean absolute magnitudes of
standard andles with non-vanishing luminosity dispersion beomes brighter
with inreasing distane.  A smaller, but frequent overestimate of H0 omes
in ase of several individual determinations by averaging over Hi, instead of
over logHi.
In later years many ways have been proposed how to orret apparent-
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Figure 1: A Monte Carlo demonstration of the Malmquist Bias for 1000 stan-
dard andles of xed mean luminosity (−18m), non-zero luminosity disper-
sion (σ = 2m) and r < 40 Mp. Constant spae density is assumed. Upper
panel: The unbiased distribution in absolute magnitude of a distane-limited
sample. Lower panel: The same sample, but ut by an apparent-magnitude
limit (13m). Note the inreasing mean luminosity and dereasing magnitude
dispersion in progressive distane intervals. (Only the magnitude dispersion of
the entire sample in the lower panel happens to be lose to the true dispersion
in the upper panel). (By kindness of A. Spaenhauer).
magnitude-limited samples in general and of eld galaxies in partiular for
Malmquist bias (e.g. Spaenhauer 1978; Tammann et al. 1979; Teerikorpi 1984,
1997; Bottinelli et al. 1986; Sandage 1996, 1999b, 2002; Theureau et al. 1997;
Goodwin et al. 1997; Paturel et al. 1998; Ekholm et al. 1999; Butkevih et al.
2005, for a tutorial see Sandage et al. 1995). Also luster samples are af-
feted by Teerikorpi Cluster Population Inompleteness Bias (Teerikorpi
1987; Sandage et al. 1995). The hope that the inverse TF relation was bias-
free has not substantiated (Teerikorpi et al. 1999). In all ases the orretion
for Malmquist bias requires large and fair samples.
Baade (1948) had desribed the determination of improved extragalati
distanes as one of the major goals of the future 200′′ telesope. Contrary
to Behr he stirred anything short of a sensation when he (1952) announed
that work in M31 had shown, that either the zero-point of the Cepheids or
of the RRLyr stars must be in error. Sine Sandage's (published 1953) olor-
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Figure 2: The Hubble diagram of the 474 eld galaxies with redshifts known
in 1956. The photographi magnitudes are orreted for Galati absorption
and the K-eet (due to redshift). The full line has slope 0.2 orresponding
to linear expansion. A t to the data gives a steeper slope, beause the mean
luminosity inreases with distane due to Malmquist bias. (From Humason
et al. 1956).
magnitude diagram of M3 had shown that the RRLyr stars are orret, the
Cepheid luminosities had to be inreased, as Mineur (1945) had already sug-
gested. Baade onluded that previous estimates of extragalati distanes
. . . were too small by as muh as a fator of 2, whih led him toH0 ∼ 250. A-
ounting for the rst four years of researh with the 200′′ telesope, Sandage
(1954), inluding also novae, summarized the evidene for H0 and onluded
125 < H0 < 276.
In their fundamental paper Humason, Mayall, & Sandage (1956) estimated
H0 = 180 on two grounds: (1) They showed that what Hubble had onsidered
as brightest stars of NGC4321, a member of the Virgo luster, were atually
HII regions. The brightest stars set in only ∼ 2m fainter. (2) The absolute
magnitude of M31, resulting from its apparent Cepheid modulus of (m−M) =
24.25 (Baade & Swope 1954), ould be used by the authors to alibrate the
upper-envelope line of their Hubble diagram of eld galaxies on the assumption
that the luminosity of M31 must be mathed by at least some galaxies. This
elegantly irumvented the problem of Malmquist bias (Fig. 2).
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Figure 3: Determinations of H0 from 1927 to 1962.
The onfusion between brightest stars and HII regions was elaborated by
Sandage (1958). The orresponding orretion together with the orretion
of Hubble's photometri sale led him to onlude that the 1936 distane
sale was too short by 4.m6 and onsequently that H0 = 75. He noted that
if the brightest stars had Mpg = −9.5 (whih is now well demonstrated)
H0 would beome 55. He also onluded from novae that Hubble's Loal
Group distanes were more nearly orret, i.e. too small by only 2.m3 on
average. Sandage's paper has beome a lassi for not only having given
the rst modern values of H0, but also beause it ontains the rst physial
explanation of the instability strip of Cepheids.
The situation in mid-1961 was summarized by Sandage (1962) at the in-
uential 15th IAU Symposium in Santa Barbara. While he ited values of
H0 ∼ 110 by Sérsi (1960), van den Bergh (1960a), and Holmberg (1958), his
own values  based, in addition to Cepheids and brightest stars, on the size
of HII regions  were 75−82 and possibly as low as 55. F. Zwiky pleaded in
the disussion for H0 = 175 from supernovae. The derease of H0 from 1927
to 1962 is illustrated in Fig. 3.
3 Work on H0 in 1962-1975
A new epoh began with the Cepheid distane of M31 of (m−M)0 = 24.20±
0.14 (Baade & Swope 1963), derived by H.H. Swope after W. Baade's death
from his 200′′-plates and from H.C. Arp's photoeletri sequene. (For the
history of the time f. also Sandage 1998, 1999a).
By the same time the diret (i.e. non-spetrosopi) sta members at
the Mount Wilson and Palomar observatories (W. Baade, E. Hubble, M. Hu-
mason, A. Sandage, and others) had aumulated many 200′′-plates of a few
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galaxies outside the Loal Group for work on the Cepheids. Hubble and
Baade had left their observations to Sandage, who in addition had set up
photoeletri sequenes around these galaxies, whose faintness and quality
has remained unsurpassed until the advent of CCD detetors. Thus there was
a unique wealth of observations when I had the privilege to join the projet
as Sandage's assistant in 1963.
Although the rst Cepheid distane of NGC2403 to ome out of the pro-
gram onrmed Sandage's 1962 value (Tammann & Sandage 1968), using the
then latest version of the Cepheid P-L relation (Sandage & Tammann 1968),
it was ritiized as being (muh) too large (e.g. Madore 1976; de Vauouleurs
1978; Hanes 1982). The modern value is atually only marginally smaller
(Saha et al. 2005).
The seond galaxy of the program, NGC5457 (M101), ame as a great
surprise: its distane was found twie the value of Sandage's (1962) estimate
(Sandage & Tammann 1974b), i.e. (m −M)0 = 29.3. The distane of M101
and its ompanions was based on brightest stars, HII region sizes, and van
den Bergh's (1960a) luminosity lasses of spiral galaxies, but also heavily on
the absene of Cepheids down to the detetion limit. The faint Cepheids were
eventually found with HST, yielding (m−M)0 = 29.34 (Kelson et al. 1996) or
29.18 (Saha et al. 2005). In the mean time the distane had been denouned
as being too large (e.g. de Vauouleurs 1978; Humphreys & Strom 1983).
The new distane of M101 made lear that the brightest spirals of luminos-
ity lass (LC) I are brighter than antiipated and that the luminosity of their
brightest stars and the size of their largest HII regions had to be inreased.
This led immediately to a distane of the Virgo luster of (m −M) = 31.45
(Sandage & Tammann 1974),  a value probably only slightly too small (f.
Tammann et al. 2002). The ensuing luminosity alibration of LC I spirals
ould then be applied to a speially seleted, distane-limited sample of 36
suh galaxies, bounded by 8500 km s−1. The onlusion was that H0 = 55± 5
everywhere (Sandage & Tammann 1975). The largest ontribution to the
systemati errors was attributed to the alibration through Cepheids.
In almost half a entury from 1927 to 1975 the galaxy distanes have
inreased by roughly a fator of 10. The streth fator is non-linear, being
∼2 for the nearby LMC and SMC, but ∼10 for M101 and beyond (Fig. 4).
4 H0 after 1975
Work on H0 exploded after 1975. The new ativity was initiated by G. de
Vauouleurs. Having started with H0 = 50 from brightest globular lusters
(de Vauouleurs 1970), he swithed to H0 ∼ 100± 10 (de Vauouleurs 1977;
de Vauouleurs & Bollinger 1979). By assuming rather short loal distanes
and by turning a blind eye to all seletion eets, he managed to maintain
this value  eventually with strong diretional variations  until his last paper
on the subjet (de Vauouleurs & Peters 1985).
Old and new methods of distane determinations were employed. They
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Figure 4: The development in time of some distanes of loal galaxies as
stepping stones for the extragalati distane sale. (Hubble's 1950 distanes
in Holmberg (1950); ST stands for Sandage & Tammann).
may be divided into 1) those using individual objets in galaxies, and 2) those
relying on global galaxian properties.
4.1 Individual objets as distane indiators
a) RR Lyr stars. Extensive work on their luminosity alibration in funtion of
metalliity seems now to onverge, but their remain some exeptions. Their
range is so far onned to the Loal Group. For a review see Sandage &
Tammann (2006).
b) Cepheids. See Setion 5.2.2 and Sandage & Tammann (2006).
) Brightest stars. The luminosity of brightest stars, Hubble's lassial vehile,
lost muh of its grip when it was shown that it depends on the size (luminosity)
of the parent galaxy (Sandage & Tammann 1974a).
d) Size of HII regions. The size of the largest HII regions in late-type galaxies
was introdued as a distane indiator by Sérsi (1960) and Sandage (1962).
Imaging of many galaxies with an Hα lter by Sandage extended the distane
sale onsiderably (Sandage & Tammann 1974b), but also here it was found
that the size depends on the size of the parent galaxy. The method is not
ompetitive anymore.
e) Globular lusters (GCs). The luminosity of the peak of the bell-shaped
luminosity funtion (LF) of GCs has been proposed as a standard andle (van
den Bergh et al. 1985). The method seems attrative beause its alibration
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depends on the well dened LF of Galati GCs whose Population II distanes
are independent of Cepheids. It was employed by several authors (for reviews
see Harris 1991; Whitmore 1997; Tammann & Sandage 1999). But the basi
assumption that the LF was universal is shattered by the fat that some GC
olor funtions and LFs show double peaks, and by doubts that the formation
of GCs is a unique proess.
f ) Novae. After the onfusion of novae and supernovae had been lifted by
Lundmark (1920), novae played a role as distane indiators in their own right.
Instead of the luminosity at maximum, whih has a very wide dispersion, the
magnitude 15 days after maximum or the luminosity-deline rate relation
were used. The independent alibration an ome, at least in priniple, from
expansion parallaxes of Galati novae (Cohen 1985). The data aquisition
of novae is demanding on telesope time and little has been done in reent
years.
g) Planetary nebulae (PNe). Following a proposal by Ford & Jenner (1978)
also brightest planetary nebulae have been widely used as distane indiators.
But the method seems to depend on population size (Bottinelli et al. 1991;
Tammann 1993), hemial omposition, and age (Méndez et al. 1993); more-
over the PNe in NGC4697 have dierent LFs depending on their dynamis
(Sambhus et al. 2005).
h) The tip of the red-giant branh (TRGB). It was shown by Da Costa &
Armandro (1990) that the TRGB in globular lusters has a xed absolute
I-magnitude, irrespetive of metalliity. The TRGB has hene been used as a
distane indiator by several authors (Lee et al. 1993; Salaris & Cassisi 1997;
Madore et al. 1997; Sakai 1999; Karahentsev et al. 2003; Sakai et al. 2004).
The method is of great interest sine its alibration rests on Population II ob-
jets (GCs and RRLyr stars) and provides an independent test of the Cepheid
distane sale. I will return to the point in Setion 5.2.2.
i) Supernovae of type Ia (SNe Ia). See Setion 5.2.1.
4.2 Global properties of galaxies as distane indiators
a) Luminosity lasses (LC) of spiral galaxies. The luminosity of a spiral
galaxy orrelates with the beauty of its spiral struture. Correspondingly
they were divided into lass I (the brightest) to V (the faintest) by van den
Bergh (1960b,,d) with additional galaxies lassied by Sandage & Tam-
mann (1981) and others. The purely morphologial LC lassiation is in-
dependent of distane; it yields therefore relative distanes whih were valu-
able for many years when veloity distanes where suspeted to be severely
distorted by peuliar and streaming motions. Loally alibrated LC I spi-
rals out to 6000 km s−1 from a distane-limited sample were used to derive
H0 = 56.9 ± 3.4 (Sandage & Tammann 1975). Bias-orreted LC distanes
led Sandage (1999b) to H0 = 55± 3.
b) 21m-line widths. 21m (or alternatively optial; see Mathewson at al.
1992; Mathewson & Ford 1996) spetral line widths are a measure of a galaxy's
rotation veloity, if orreted for inlination i, and hene orrelate with its
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Figure 5: a) Calibration of the TF relation by means of 31 galaxies (i > 45◦)
with known Cepheid distanes. The two open irles are ompanions to M101
whih are assumed to be at the distane of M101. The slope is taken from the
Virgo luster. w20 is the inlination-orreted line width at the 20% intensity
level expressed in km s−1. b) The Hubble diagram of 100 eld galaxies within
v220 < 1000 km s
−1
and known TF distanes. The turbulent region with a
radius of 25◦ about the Virgo luster is omitted. Note the large satter.
mass and luminosity (Gouguenheim 1969). The relation was applied for dis-
tane determinations by Tully & Fisher (1977, TF) and many subsequent
authors, some of whih are listed in Table 2. Several of the solutions for H0
were dominated by Malmquist bias. The present (2005) alibration of the TF
relation rests on 31 galaxies with i > 45◦ and with known Cepheid distanes
from Saha et al. (2005); the slope of the relation is taken from a omplete
sample of 49 inlined spirals in the Virgo Cluster (Fig. 5a). The satter of
σm = 0.
m49 is muh larger than an be aounted for by errors of the Cepheid
distanes; it reets mainly the large intrinsi satter of the TF relation.
The alibration an be applied to an almost omplete, distane-limited
sample, as ompiled by Federspiel (1999), of 100 inlined spirals with v220 <
1000 km s−1 (for the orreted veloities v220 see Setion 6). The result in
Fig. 5b gives H0 = 59.1 ± 2.5, but it is disappointing as to the very large
satter, whih is muh larger than from the alibration in Fig. 5a, even if
the turbulent region of radius 25◦ about the Virgo luster is omitted. The
reason is unlear; it annot be due to peuliar motions whih are muh too
small (see Setion 6). It may be that remaining observational errors of the
galaxian parameters ontribute to the satter. In any ase the example shows
that the TF method is diult to handle. Open questions remain as to the
large orretions for internal absorption, to trunated galaxies and hene to
environment, and to the dependene on olor and Hubble type. If only the
apparently brightest galaxies were onsidered, arbitrarily large values of H0
would be the onsequene (see Tammann et al. 2002, Fig. 4). The TF is
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h point is the
mean of about 10 galaxies. (Data from Giovanelli et al. 1997 and Dale et al.
1999).
therefore vulnerable against Malmquist bias, even if the intrinsi satter was
only 0.m49 as in Fig. 5a.
An appliation of the TF alibration in Fig. 5a to a omplete sample of
49 untrunated spirals with i > 45◦ in the Virgo luster (Federspiel et al.
1998) yields a luster modulus of (m−M)0 = 31.62± 0.16. Again, arbitrarily
small values of the distane will emerge if the luster sample is ut by an
apparent-magnitude limit (Kraan-Korteweg et al. 1988, Fig. 6).
Giovanelli et al. (1997) and Dale et al. (1999) have determined TF data for
roughly 10 galaxies in eah of 51 lusters with 3000 < vCMB < 25 000 km s
−1
.
They dene a Hubble line (Fig. 6) with very small satter of 0.m11, whih
is even ompetitive with SNe Ia. Unfortunately the TF alibration of Fig. 5a
annot be diretly applied to the luster sample, beause it annot be assumed
that the individual luster galaxies were seleted in the same way as the loal
galaxies for whih Cepheid distanes are available; this is a ritial ondition
onsidering the large intrinsi dispersion if σ ∼> 0.
m4 of the TF method (for an
opposite view see Giovanelli 1997; Sakai et al. 2000). Instead it is possible to
relate all luster moduli to the modulus of the Fornax luster. The ensuing
equation of the Hubble line is shown at the bottom of Fig. 6. By simple
transformation it follows
H0 = −0.2(m−M)Fornax + (8.130± 0.003). (2)
Inserting the Fornax luster modulus of (m − M)0 = 31.54 ± 0.13 from
Cepheids and SNe Ia (see below) leads to H0 = 65.6± 4.1.
While the distane indiators under 4.2 a), b) involve spiral galaxies, the
following three methods use E/S0 galaxies. The disadvantage is that there
are no Cepheid distanes  nor RR Lyr star or TRGB distanes  available
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for normal early-type galaxies to set the zero-point of the distane sale. In
some ases one may infer an assoiation between an E/S0 galaxy and a spiral
with known Cepheid distane, or one may assume that the spei method
applies also to the bulges of spiral galaxies. But these ases remain few, while
atually many alibrators would be needed in view of the large intrinsi satter
of ∼> 0.
m3, i.e. muh larger than that of SNe Ia.
) Brightest luster galaxies (BCG). The important potential of BCGs as
standard andles to trae the expansion of the Universe was exploited rst by
Humason (1936; Humason et al. 1956). The work was propelled by Sandage
(1967, 1968, 1972, 1973). His papers were the deisive proof for osmi expan-
sion at a time when many astronomers speulated in view of the large quasar
redshifts about a mysterious origin of redshifts. The last paper (Sandage &
Hardy 1973) on the subjet ontaining galaxies of moderate redshift lists 72
BCGs with 3500 < vCMB < 30 000 km s
−1
. They dene a Hubble line of
log v = 0.2m1st + (1.364± 0.007) (3)
with a satter of σm = 0.
m29. This implies
logH0 = 0.2M1st + (6.364± 0.007). (4)
The mean absolute magnitude (in their orreted photometri system) of the
two BCGs in the Virgo and Fornax lusters is M1st = −23.
m15, using the
luster distanes from Cepheids and SNe Ia (see below). Hene H0 = 54.2±
5.4.
d) The Dn-σ or fundamental plane method (FP). The orrelation of the ve-
loity dispersion σ of E/S0 galaxies with their luminosity was pointed out
by Minkowski (1962) and Faber & Jakson (1976). Later the luminosity was
replaed by a suitably normalized diameter Dn (Dressler et al. 1987) or by
surfae brightness (Djorgovski & Davis 1987). The method was extended to
the bulges of spiral galaxies by Dressler (1987) who derivedH0 = 67±10. Fed-
erspiel (1999) used the great wealth of Dn-σ data by Faber et al. (1989) in two
ways. First he derived the modulus dierene between the Virgo and Coma
luster to be 3.75± 0.20 from 23 Virgo and 33 Coma members. With a Virgo
modulus of (m−M)0Virgo = 31.47± 0.16 from Setion 6 one obtains therefore
(m−M)0Coma = 35.22±0.26. Seondly he used an apparent-magnitude-limited
subset of 264 early-type, high-quality eld and luster galaxies brighter than
13.m5 to derive a value of H0 after orreting for Malmquist bias following
the method outlined in Federspiel et al. (1994). Beyond vCMB = 4000 km s
−1
his bias orretions beome unreliable beause the sample is far from being
omplete to the apparent-magnitude limit. That Malmquist bias must indeed
be a major problem for the Dn-σ and FP methods stems from their intrinsi
satter of σm = 0.
m36 as seen in the Coma (Federspiel 1999) and other luster
(Jørgensen et al. 1996). For that reason laims of deteted streamings toward
the Great Attrator just outside 4000 km s−1 (Lynden-Bell et al. 1988) are
not beyond doubt.  Within vCMB = 4000 km s
−1
Federspiel's (1999) analysis
yields H0 = 57.0± 4.4 if the Virgo modulus from Setion 6 is adopted for the
alibration.
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Figure 7: The Dn-σ distanes of 9 lusters relative to the Coma luster. Eah
point is the mean of about 20 galaxies. (Data from Jørgensen et al. 1996).
Jørgensen et al. (1996) have gained Dn-σ and FP observations of 232
E/S0 galaxies in 10 lusters and determined their mean distanes relative to
the Coma luster. Their Hubble diagram is shown in Fig. 7 for the Dn-σ
distanes, whih have a slightly smaller satter of σm = 0.
m14 than their FP
distanes. The satter of 0.m14 about the Hubble line of the 9 lusters beyond
vCMB = 3700 km s
−1
is signiantly larger than of SNe Ia (σm = 0.
m10, see
5.2.1) and annot mainly be explained by peuliar motions. The Hubble line
in Fig. 7 implies
logH0 = −0.2(m−M)
0
Coma + (8.892± 0.009), (5)
whih yields with (m−M)0Coma from above H0 = 70.4± 9.0.
An interesting by-produt of the equation at the bottom of Fig. 7 is the
mean reession veloity of the Coma luster freed from all peuliar veloities
and streamings, if one assumes that the peuliar motions of the 9 lusters
beyond 3700 km s−1 average out. The zero-point of the relative distane sale
should be reliable to within 0.m05 beause 44 Dn-σ distanes are available
for Coma. From this follows an unperturbed veloity of vComa = 7800 ±
200 km s−1.
e) Surfae brightness utuations (SBF). This method has been introdued by
Tonry & Shneider (1988) and extensively used for E/S0 galaxies (Tonry et al.
2001). The size of the utuations shows little dependene on metalliity if
measured in the infrared; the dependene on stellar population is ompensated
by allowing for the olor (V −I). SBF distanes of four reent investigations,
based on observations with HST, are plotted in a Hubble diagram in Fig. 8.
The distane zero-point depends entirely on Cepheid distanes, either of up
to six spirals whose bulges are treated like an E/S0 galaxy or/and of 1-5
aggregates ontaining E/S0's as well as spirals with Cepheid distanes. The
relative small satter of σm = 0.
m26 beyond 3000 km s−1,  yet signiantly
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Figure 8: The Hubble diagram with SBF distanes from dierent authors.
Objets in the turbulent region within 25◦ from the Virgo luster enter are
not shown. The mean Hubble line suggests H0 = 71.8, but the zero-point
alibration remains unreliable.
larger than for SNe Ia in dust-free parent galaxies (σm = 0.
m10, see 5.2.1), 
shows that the method works in priniple. But the result on H0 is paradoxial
being 15% larger even loally than from the diret evidene from Cepheids
(see Se. 6, Fig. 12b). If Cepheids are trusted at all, a Cepheid-alibrated
distane indiator (SBF) must on average reprodue the distane sale of the
Cepheids. There remains therefore a problem with the zero-point alibra-
tion; either beause the bulges of spirals have dierent stellar populations
as E/S0's, a possibility pointed out by Ferrarese et al. (2000), or beause of
unaounted dust in spiral bulges.  At larger distanes also Malmquist bias
may play a rle in view of σm = 0.
m26. Many of the distant galaxies are
brightest luster galaxies, and it may not be warranted to extrapolate the
SBF-magnitude relation from loal alibrators  some of them being only spi-
ral bulges!  to galaxies with M ∼< −23.
m0. The onlusion is that SBFs yield
relative distanes within ∼ 13%, but that they are not (yet) to be used for
the determination of H0. The Coma luster is not useful for the alibration
at large distane beause only three member galaxies have SBF measurement
and the luster distane itself has a large error.
An overview of the present determinations ofH0 outside vCMB > 3000 km s
−1
is given in Table 1; the value from SNe Ia from 5.2.3 is antiipated for om-
parison.
The mean value of H0 = 60.7 ± 2.5 from the rst ve lines in Table 1 is
in statistial agreement with the value from SNe Ia in 5.2.3. The latter have
the deisive advantage of having very small satter (0.m10) and being hene
insensitive to Malmquist bias; it rests in addition on a solid zero-point from
10 diret Cepheid distanes.
14
Table 1: Present determinations of H0 reahing out to vCMB > 3000 km s
−1
.
Method σm range alibration
1) H0
2)
intrinsi km s−1
TF 0.45 25 000 Fornax 65.6± 4.1
BCG 0.30 30 000 Virgo + Fornax 54.2± 5.4
Dn-σ 0.36 4 000 Virgo 57.0± 4.4
Dn-σ 0.36 10 000 Coma 70.4± 9.0
SBF 0.26 10 000 Cepheid dist. (71.6)
SNe Ia 0.10 30 000 10 Cepheid dist. 62.3± 1.3
1)
For easier omparison all underlying Cepheid distanes are taken from
Saha et al. (2005)
2)
The systemati error of the Cepheid distane sale is not inluded
4.3 Various determinations of H0 after 1975
The above distane indiators have been used in various ombinations to
derive values of H0. Many authors have ontributed; a representive subset
has been ompiled in Table 2. The resulting values of H0 sine 1975 are
plotted in Fig. 9 against the year of publiation.
Table 2: Values of H0 from 1974 − 2005.
Year H0 Code Referene
(a) various methods, orr. for bias [•℄
1974 56 ST Sandage, A., & Tammann, G.A. 1974, ApJ 194, 223
1974 57 ST Sandage, A., & Tammann, G.A. 1974, ApJ 194, 559
1975 57 ST Sandage, A., & Tammann, G.A. 1975, ApJ 196, 313; 197, 265
1977 52.5 T Tammann, G.A. 1977, in Redshifts and the Expansion of the
Universe, 43
1982 50 ST Sandage, A., & Tammann, G.A. 1982, ApJ 256, 339
1988 69 vdB van den Bergh, S. 1988, in The Extragalati Distane Sale,
ASP Conf. Ser. 4, 375
1988 56 T Tammann, G.A. 1988, in The Extragalati Distane Sale, ASP
Conf. Ser. 4, 282
1988 55 Te Terndrup, D.M. 1988, in The Extragalati Distane Sale, ASP
Conf. Ser. 4, 211
1990 71 Go Gouguenheim, L., et al. 1990, in Pro. XXIVth Moriond Meet-
ing, 3
1990 52 ST Sandage, A., & Tammann, G.A. 1990, ApJ 365, 1
1995 57 ST Sandage, A., & Tammann, G.A. 1995, ApJ 446, 1
1996 56 S Sandage, A. 1996, AJ 111, 1
1996 50 S Sandage, A. 1996, AJ 111, 18
1996 81 vdB van den Bergh, S. 1996, PASP 108, 1091
1997 52.5 G Goodwin, S. P., Gribbin, J., & Hendry, M.A. 1997, AJ 114, 2212
1997 55 T Tammann, G.A., & Federspiel, M. 1997, in The Extragalati
Distane Sale, ed. M. Livio (Cambridge Univ. Press), 137
1998 60 Pt Paturel, G., et al. 1998, A&A 339, 671
1999 55 S Sandage, A., 1999, ApJ 527, 479
2000 68 M Mould, J. R., et al. 2000, ApJ 529, 786
2001 55 T Tammann, G.A., Reindl, B., & Thim, F. 2001, in Cosmology
and Partile Physis, AIP Conf. Pro. 555, 226
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Table 2: (Continued)
Year H0 Code Referene
2002 58 S Sandage, A. 2002, AJ 123, 1179
2002 59.2 T Tammann, G.A., et al. 2002, in A New Era in Cosmology, ASP
Conf. Pro. 283, 258
2002 56.9 T Tammann, G.A., & Reindl, B. 2002, in The Cosmologial Model,
XXXVIIth Moriond Ap. Meeting, 13
(b) various methods, not orr. for bias [◦℄
1972 100 deV de Vauouleurs, G. 1972, in External Galaxies and Quasi-Stellar
Objets, IAU Symp. 44, 353
1976 75 deV de Vauouleurs, G. 1976, ApJ 205, 13
1977 85 deV de Vauouleurs, G. 1977, in Redshifts and the Expansion of the
Universe, 301
1978 95 deV de Vauouleurs, G. 1978, in The Large Sale Struture of the
Universe, IAU Symp. 79, 205
1981 96 deV de Vauouleurs, G., & Peters, W. L. 1981, ApJ 248, 395
1986 109 deV de Vauouleurs, G., & Peters, W. L. 1986, ApJ 303, 19
1986 99 deV de Vauouleurs, G., & Corwin, H.G. 1986, ApJ 308, 487
1986 95 deV de Vauouleurs, G. 1986, in Galaxy distanes and deviations
from universal expansion, eds. B.F. Madore & R.B. Tully, (Dor-
dreht: Reidel), 1
1993 85 deV de Vauouleurs, G. 1993, ApJ 415, 10
1993 90 Tu Tully, R.B. 1993, in Pro. Nat. Aad. Si. 90, 4806
1997 81 Gz Gonzales, A.H., & Faber, S.M. 1997, ApJ 485, 80
1997 73 M Mould, J. R., et al. 1997, in The Extragalati Distane Sale,
ed. M. Livio (Cambridge Univ. Press), 158
2001 72 Fr Freedman, W. L., et al. 2001, ApJ 553, 47
() SNe Ia [⋄℄
1982 50 ST Sandage, A., & Tammann, G.A. 1982, ApJ 256, 339
1988 59 Br Branh, D. 1988, in The Extragalati Distane Sale, ASP Conf.
Ser. 4, 146
1990 46.5 TL Tammann, G.A., & Leibundgut, M. 1990, A&A 236, 9
1994 52 SN Saha, A., et al. 1994, ApJ 425, 14
1995 52 SN Saha, A., et al. 1995, ApJ 438, 8
1995 56.5 SN Tammann, G.A., & Sandage, A. 1995, ApJ 452, 16
1995 71 Pi Piere, M. J., & Jaoby, G.H. 1995, AJ 110, 2885
1996 56.5 SN Saha, A., et al. 1996, ApJ 466, 55
1996 63.1 H Hamuy, M., et al. 1996, AJ 112, 2398
1997 56 SN Saha, A., et al. 1997, ApJ 486, 1
1999 60 SN Saha, A., et al. 1997, ApJ 522, 802
1999 62.9 TB Tripp, R., & Branh, D. 1999, ApJ 525, 209
1999 63.9 Su Suntze, N.B., et al. 1999, ApJ 500, 525
1999 63.3 Ph Phillips, M.M. 1999, AJ 118, 1766
1999 64.4 J Jha, S., et al. 1999, ApJS 125, 73
2000 68 G Gibson, B.K., et al. 2000, ApJ 529, 723
2000 58.5 SN Parodi, B.R., et al. 2000, ApJ 540, 634
2001 71 Fr Freedman, W. L., et al. 2001, ApJ 553, 47
2001 58.7 SN Saha, A., et al. 2001, ApJ 562, 314
2004 71 A Altavilla, G., et al. 2004, MNRAS 349, 1344
2005 73 R Riess, A.G., et al. 2005, ApJ 627, 579
2006 62.3 SN Tammann, G.A., et al., ApJ, to be published
(d) Tully-Fisher, orr. for bias [N℄
1976 50 ST Sandage, A., & Tammann, G.A. 1976, ApJ 210, 7
1997 55 Th Theureau, G., et al. 1997, A&A 322, 730
1999 58 F Federspiel, M. 1999, Ph.D. Thesis, Univ. of Basel
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Table 2: (Continued)
Year H0 Code Referene
1999 53 E Ekholm, T., et al. 1999, A&A 347, 99
2000 55 Th Theureau, G. 2000, in XIX Texas Symposium, eds. E. Aubourg
et al. Mini-Symp. 13/12
2002 65 He Hendry, M.A. 2002, in New Era in Cosmology, eds. T. Shanks,
& N. Metalfe, ASP Conf. Ser. 283, 258
(e) Tully-Fisher, not orr. for bias [△℄
1977 82 Tu Tully, R. B., & Fisher, J. R. 1977, in Redshifts and the Expansion
of the Universe, 95
1980 95 Aa Aaronson, M., et al. 1980, ApJ 239, 12
1984 91 Bo Bothun, G.D., et al. 1984, ApJ 278, 475
1986 90 Aa Aaronson, M., et al. 1986, ApJ 302, 536
1988 85 Pi Piere. M. J., & Tully, R. B. 1988, ApJ 330, 579
1988 85 H Huhra, J. P. 1988, in The Extragalati Distane Sale, ASP
Conf. Ser. 4, 257
1994 86 Pi Piere, M. J. 1994, ApJ 430, 53
1997 70 Gi Giovanelli, R. 1997, in The Extragalati Distane Sale, ed. M.
Livio (Cambridge Univ. Press), 113
2000 77 Tu Tully, R.B., & Piere, M. J. 2000, ApJ 533, 744
2000 81 R Rothberg, B., et al. 2000, ApJ 533, 781
2000 71 Sk Sakai, S., et al. 2000, ApJ 529, 698
(f) Dn-σ, fundamental plane [+℄
1987 67 D Dressler, A. 1987, ApJ 317, 1
1999 52 F Federspiel, M. 1999, Ph.D. Thesis, Univ. of Basel
2000 78 K Kelson, D.D., et al. 2000, ApJ 529, 768
(g) globular lusters[×℄
1979 80 Hn Hanes, D.A. 1979, MNRAS 188, 901
1988 61 Hs Harris, W.E. 1988, in The Extragalati Distane Sale, ASP
Conf. Ser. 4, 231
1993 85 deV de Vauouleurs, G. 1993, ApJ 415, 33
1995 78 W Whitmore, B.C., et al. 1995, ApJ 454, 73
1996 68 B Baum, W.A., et al. 1996, A&AS 189, 1204
1997 82 W Whitmore, B.C. 1997, in The Extragalati Distane Sale, ed.
M. Livio (Cambridge Univ. Press), 254
2000 69 K Kavelaars, J. J., et al. 2000, ApJ 533, 125
(h) planetary nebulae [◦℄
1990 87 Ja Jaoby, G.H., et al. 1990, ApJ 356, 332
1991 77 Bo Bottinelli, L., et al. 1991, ApJ 252, 550
1993 75 M MMillan, R., et al. 1993, ApJ 416, 62
2002 78 Ci Ciardello, R., et al. 2002, ApJ 577, 31
(i) surfae brightness utuations [◦℄
1989 88 To Tonry, J. L., et al., 1989, ApJ 346, 57
1997 81 To Tonry, J. L. 1997, in The Extragalati Distane Sale, ed. M.
Livio (Cambridge Univ. Press), 297
1998 82 La Lauer, T.R., et al. 1998, ApJ 499, 577
1999 74 Bl Blakeslee, J. P., et al. 1999, ApJ 527, 73
1999 87 Je Jensen, J. B., et al. 1999, ApJ 510, 71
2000 77 To Tonry, J. L., et al. 2000, ApJ 530, 625
2001 73 Aj Ajhar, E.A., et al. 2001, ApJ 559, 584
17
1980 1990 2000
Year
60
80
100
H
ub
bl
e 
Co
ns
ta
nt
 H
0
ST
T
vdB
T
Te
Go
ST
ST
S
S
vdB
G
T
Pt
S
M
T
S
T
T
deV
deV
deV
deV deV
deV
deV
deV
deV
Tu
Gz
M Fr
ST
Br
TL
SN
SN
Pi
SN
H
SN
TB
SuPh
J G
A
R
SN
ST
Th
F
E Th
He
Tu
Aa
Bo Aa
Pi
H
Pi
Gi
Tu
R
Sk
D
F
KHn
Hs
W
B
W
K
Ja
Bo
Mc
Ci
To
To
La
Bl
Je
To
Aj
Figure 9: Various values of H0 sine 1975. Dierent symbols indiate dierent
methods of distane determinations. Open symbols indiate when H0 is based
on apparent-magnitude-limited samples; losed symbols stand for bias-free or
bias-orreted samples.
5 HST and H0
With the advent of HST two major ampaigns were started for the determi-
nation of H0.
5.1 The HST Key Projet on the Extragalati Distane
Sale
The original programwas to observe Cepheids in many inlined spirals in order
to provide a alibration for the I-band TF relation (Aaronson & Mould 1986);
at the time the authors still favored a value of H0 = 90. Later the Cepheid
distanes were planned (Kenniutt et al. 1995) to also alibrate the LF of PNe
and the expanding-atmosphere parallaxes of SNe II, of novae, and of the peak
of the LF of GCs. Surprisingly the authors made only ursory referene to the
problem of Malmquist bias. The program team, onsisting of 26 ollaborators
provided 19, i.e. almost half of all published Cepheid distanes. The distanes
were based on the P-L relation of 22 LMC Cepheids and a zero-point set at
(m−M)0LMC = 18.50 (Madore & Freedman 1991). In a rst summary paper
Mould et al. (2000) onluded from the TF and SBF methods, from SNe Ia
and, now also from the FP method thatH0 = 68±6, if they made allowane for
high-metalliity, (long-period) Cepheids being somewhat brighter than their
LMC ounterparts. Unfortunately Freedman et al. (2001) raised the result
to H0 = 72 ± 8 on the basis of an interim P-L relation (Udalski et al. 1999)
whih is now untenable.
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5.2 The HST Projet for the Luminosity-Calibration of
SNe Ia
A small group of astronomers (A. Saha, F.D. Mahetto, N. Panagia, I, and
A. Sandage as PI) proposed to observe Cepheids with HST in galaxies whih
had produed a well observed SN Ia. The results for 8 galaxies were published;
4 additional ones ame from external soures (Turner et al. 1998; Tanvir et al.
1999; Mari et al. 2001; Riess et al. 2005). Two out of the 12 SNe Ia are
spetrosopially peuliar and were exluded, leaving 10 Cepheid distanes
for the alibration of normal SNe Ia. The program has only reently been
ompleted beause (1) the WFPC2 on HST was to be realibrated (Saha et al.
2005), and (2) unexpeted ompliations were found with the P-L relation of
Cepheids (see below Se. 5.2.2). The route to H0 was desribed in ve papers
(Tammann et al. 2003; Sandage et al. 2004, 2006; Reindl et al. 2005; Saha
et al. 2005), of whih only a summary is given here.
5.2.1 The Hubble diagram of SNe Ia
The rst Hubble diagram of SNe Ia was shown by Kowal (1968). Its large
dispersion was steadily dereased by subsequent authors. By 1979 SNe Ia had
emerged as so reliable standard andles that it ould be proposed to observe
them at large redshifts (z ∼> 0.5) for a determination of Λ (Tammann 1979).
It is well known that this has beome possible sine; how muh easier must it
be to use SNe Ia at small redshifts for a determination of H0!  if only their
luminosity alibration is realized.
There are now 124 SNe Ia nearer than 30 000 km s−1 with known B, V
and in most ases I magnitudes at maximum as well as deline rates ∆m15
(the deline in mag over the rst 15 days past Bmax). Exluding 13 spetro-
sopially peuliar objets leaves 111 normal SNe Ia. Their magnitudes are
orreted for Galati and internal absorption (Reindl et al. 2005). The in-
ternal reddening is determined by adopting the intrinsi olors (B−V )0 and
V−I)0  and their non-negligible dependene on ∆m15  from 21 SNe Ia in (al-
most) dust-free E/S0 galaxies. The absorption-orreted absolute magnitudes
M0
BV I
, alulated from veloity distanes, orrelate with the Hubble type of
the parent galaxy, SNe Ia in early-type galaxies being fainter. This dependene
on Hubble type an empirially be removed by normalizing the magnitudes
to a standard value of the deline rate, say ∆m15 = 1.10. Also the slight
dependene of the luminosity on (B−V )0 is removed by normalizing to the
olor at ∆m15 = 1.1 [(B−V )
0
1.1 = −0.024℄. The resulting magnitudes m
corr
BV I
an be plotted in a Hubble diagram; as an example mcorr
V
is shown in Fig. 10.
A duial sample of 62 normal SNe Ia with 3000 < vCMB < 20 000 km s
−1
, i.e.
in the ideal range to alibrate the large-sale value of H0, dene a Hubble line
of
log v = 0.2mcorrλ + Cλ, (6)
with CB = 0.693±0.004, CV = 0.688±0.004,CI = 0.637±0.004. The solution
for the interept Cλ is very robust against hosing dierent SN subsets (see
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Figure 10: The Hubble diagram in V of 111 normal SNe Ia. The objets
outside the indiated veloity range are shown as open symbols; at low velo-
ities the satter inreases beause of the inuene of peuliar veloities. The
slightly urved Hubble line for ΩM = 0.3, ΩΛ = 0.7 is a t to only the blak
symbols; the rosses are not onsidered for the t. The dashed line holds for
an ΩT = 0 Universe.
Reindl et al. 2005, Table 9). The small satter of σm = 0.
m15  smaller than for
any other known individual objets  makes SNe Ia ideal standard andles.
In fat muh of the satter is driven by errors of the internal absorption
orretion, beause the 21 SNe Ia in E/S0's have a satter in I of only 0.m10!
Transforming eq. (6) yields
logH0 = 0.2M
corr
λ + Cλ. (7)
In order to obtain H0 it remains only to alibrate M
corr
λ
for some nearby
SNe Ia with known Cepheid distanes. It may be noted that the error of Cλ
is so small, that the statistial error of H0 will essentially depend on only the
error of M corr
λ
.
5.2.2 Cepheid distanes of galaxies with SNe Ia
The determination of Cepheid distanes has beome muh more ompliated
sine it has been realized that the P-L relation is not universal. In partiular
the relations in the Galaxy and in LMC are signiantly dierent (Tammann
et al. 2002). The Galati P-L relation in BV I is quite well dened by 33
Cepheids in open lusters (with a zero-point at (m − M)0Pleiades = 5.
m61)
and 36 Cepheids with moving-atmosphere (BBW) parallaxes by Fouqué et al.
(2003) and a few others (see also Ngeow & Kanbur 2004). The P-L relation
in BV I of LMC rests on 593 very well observed Cepheids from the OGLE
program (Udalski et al. 1999) and 97 bright Cepheids from various soures as
well as an adopted zero-point of (m−M)0LMC = 18.54. Long-period Galati
Cepheids with a mean metalliity of [O/H℄ = 8.60 are brighter than their
LMC ounterparts with [O/H℄ = 8.36. The details of the two dierent P-L
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Figure 11: a) The dierene between the absolute V magnitude of a Cepheid
determined one from the Galati and one from the LMC P-L relation. b)
Same for I magnitudes. ) The distane dierene from eq (8) if one MV
and MI are taken from the Galati and one from the LMC P-L relation.
All dierenes are plotted in funtion of logP .
relations are laid out in Tammann et al. (2003) and Sandage et al. (2004). An
important feature of the LMC P-L relation is that its slope breaks at P = 10d
(see also Ngeow et al. 2005), whih is not seen in the Galaxy (and SMC).
The rux is that the two dierent P-L relations yield two dierent distanes
for every galaxy. The problem is aggrevated when only V and I magnitudes
are used, as in the ase of the HST observations, to determine the true distane
modulus and the mean internal absorption of the Cepheids. In that ase the
true and apparent moduli are onneted by
(m−M)0 = 2.52(m−M)I − 1.52(m−M)V . (8)
(The oeients depend on the adopted absorption-to-reddening ratio R).
Fig. 11 shows how the magnitudes MV and MI as well as the true moduli
dier in funtion of period when one the Galati P-L relation is used and
one the one from LMC. The moduli of the former are larger by up to 0.m25
at logP = 1.5.
Only a small part of the P-L relation dierenes an be explained as the
line blanketing eet of the metals, but the main eet is that LMC Cepheids
are hotter than Galati Cepheids at given period or given luminosity. The
reason is unknown at present. But Saha et al. (2005) have made the assump-
tion that the whole dierene is a metalliity eet. Consequently they have
derived Cepheid distanes of 37 galaxies by interpolating (and slightly ex-
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trapolating) their distanes from Galati and LMC P-L relations aording
to their metalliity as measured by [O/H℄. The ensuing metalliity orretions
are somewhat larger than proposed by Kenniutt et al. (1998) and Sakai et al.
(2004), but they are justied by several omparisons with external data; for
instane the adopted Cepheid distanes of nine galaxies for whih also inde-
pendent, metal-insensitive TRGB distanes are available (Sakai et al. 2004)
show no systemati trend with [O/H℄. Also the resulting SN Ia luminosities do
not show a signiant orrelation with the metalliity of their parent galaxies.
Finally it may be noted thar the metal-rih (inner) and metal-poor (outer)
Cepheids in M101 give the same distane to within 0.m01.
5.2.3 The value of H0
As mentioned before there are 10 normal SNe Ia in galaxies with Cepheid
distanes. The absorption-orreted, normalized magnitudes mcorr
BV I
of these
SNe Ia are derived in exatly the same way  and this is an important point 
as for the distant SNe Ia whih dene the Hubble diagram in Fig. 10 (Reindl
et al. 2005). The metalliity-orreted distanes of the 10 SN Ia parent galaxies
are derived by Saha et al. (2005). Combining the magnitudes mcorr
BV I
with
the orresponding distanes yields immediately the absolute magnitudes; the
weighted means beome M corr
B
= −19.49± 0.04, M corr
V
= −19.46± 0.04, and
M corr
I
= −19.22 ± 0.05. By inserting the absolute magnitudes with their
appropriate interepts Cλ (eq. 6) into eq. (7) one nds H0(B) = 62.4 ± 1.2,
H0(V ) = 62.4 ± 1.5, and H0(I) = 62.1 ± 1.4, or the mean for sales of the
order of 20 000 km s−1
H0 = 62.3± 1.3 (random error). (9)
The systemati error of this result has been disussed in some detail by
Sandage et al. (2006) and estimated to be ±5.3, most of whih is aused
by the non-uniqueness of the P-L relation of Cepheids and the losely related
question of the metalliity orretion of Cepheid distanes.
6 The Loal Value of H0 and the Random Mo-
tions of Field Galaxies
For a number of loal galaxies with v220 < 2000 km s
−1
Cepheid and/or
SN Ia distanes are available. Exluding members of the Virgo and Fornax
lusters and four nearby galaxies with (m −M)0 < 28.2 leaves 34 galaxies
with at least one distane determination. Their distane-alibrated Hubble-
diagram shows a very large satter of σm = 1.
m0, whih an only be due to
peuliar veloities. It is redued to σm = 0.
m46 if the 12 galaxies are omitted
whose distane from the Virgo luster (M87) is < 25◦ (Fig. 12a). Clearly a
region of 25◦ (∼ 8 Mp) radius about the Virgo luster is haraterized by
muh larger turbulent motions than the normal eld. The satter in the
eld is further redued to σm = 0.
m32 if the veloities v0 (orreted to the
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Figure 12: The loal distane-alibrated Hubble diagram of 34 galaxies with
v220 < 2000 km s
−1
for whih 27 Cepheid distanes (dots) and 16 SN Ia dis-
tanes (triangles) are available. Galaxies within 25◦ from the Virgo luster or
with (m −M)0 < 28.2 are shown as open symbols. The Hubble line is a t
to only the losed symbols. a) using veloities v0 orreted to the baryenter
of the Loal Group. b) using veloities v220 orreted for Virgoentri infall.
) same as b) but with the Virgo and Fornax lusters added.
entroid of the Loal Group; Yahil et al. 1977) are replaed by v220. The v220
veloities are orreted for a selfonsistent Virgoentri infall model with a
loal Virgoentri veloity vetor of 220 km s−1 (Yahil et al. 1980; Tammann
& Sandage 1985; Kraan-Korteweg 1986). This model nds here support from
the unexpetedly small satter in Fig. 12b, where the v220 veloities are used.
In Fig. 12 also the Virgo and Fornax lusters are plotted with their
mean Cepheid and SN Ia distanes (〈m −M〉0Virgo = 31.47 ± 0.16, 〈v220〉 =
1179 km s−1 and 〈m − M〉0Fornax = 31.56 ± 0.13, 〈v220〉 = 1338 km s
−1
; see
Sandage et al. 2006). They t on the Hubble line well within the errors.
The resulting value of H0(loal) = 62.8±1.6 is undistinguishable from the
large-sale value. This does not mean that the expansion is blind toward den-
sity utuations, beause the gravitational eet of the Virgo luster omplex
has been eliminated by subtrating the Virgoentri ow model.
The small satter of 0.m32 in Fig. 12b of the eld galaxies outside the
25◦ irle puts strong upper limits on the size of the peuliar motions, i.e.
∂v/v = 0.16 even without allowing for distane errors. The typial peuliar
veloity of a galaxy at say 1000 km s−1 is therefore < 160 km s−1.  Also
the peuliar motions of more distant eld galaxies are restrited by SNe Ia.
The 20 SNe Ia in E/S0 galaxies (and hene little internal absorption) with
5000 < vCMB < 20 000 km s
−1
satter about the Hubble line, as stressed
before, by only 0.m10 (in I magnitudes, Reindl et al. 2005). Some of this
satter must be due to photometri errors and to the intrinsi dispersion of
the normalized SN Ia magnitudes; ∂v/v = 0.05 or vpec = 300 km s
−1
at a
distane of 6000 km s−1 are therefore generous upper limits.
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7 Conluding Remarks
In general astronomial distanes depend on objets whose distanes are al-
ready known and ultimately, with a few exeptions, on trigonometri paral-
laxes and hene on the AU. But methods of determining distanes from the
physis or geometry of some objets, without reourse to any other astronom-
ial distane, are gaining inreasing weight. Already the moving-atmosphere
(BBW) method ontributes to the alibration of the Galati P-L relation of
Cepheids. The single, intrinsily aurate water maser distane of NGC4258
(Herrnstein et al. 1999) does not yet sue for an independent alibration of
the P-L relation (see Saha et al. 2005). The reently improved expanding-
atmosphere distane of SN II 1999em (Baron et al. 2004) agrees well with the
Cepheid distane of its parent galaxy NGC1637. Nadyozhin's (2003) plateau-
tail method for SNe IIP yields H0 = 55± 5 on the assumption that the
56
Ni
mass equals the explosion energy. Models of SNe Ia yieldMbol ≈MV = −19.5
(Branh 1998, for a review) in fortuitous agreement with the empirial value
of MV = −19.46.
Muh promise to determine H0 aurately lies in the Sunyaev-Zeldovih
(SZ) eet and in gravitationally lensed quasars; extensive work has gone into
both methods. The SZ eet yields typial values of H0 = 60 ± 3, yet the
systemati error is still ∼±18 (Carlstrom et al. 2002 for a review; see also e.g.
Udomprasert et al. 2004; Jones et al. 2005). Results from lensed quasars lie
still in a wide range of 48 < H0 < 75 (e.g. Saha & Williams 2003; Koopmans
et al. 2003; Kohanek & Shehter 2004; York et al. 2005).
A strong driver to determine H0 as aurately as possible omes from
the CMB. The interpretation of its Fourier spetrum depends on at least
twelve free parameters, several of whih annot be determined elsewhere. A
simultaneous solution for all twelve parameters yields H0 = 66 ± 7 (Rebolo
et al. 2004). It would bring important progress for the understanding of the
CMB spetrum if an independently determined value of H0 ould be used as
a reliable prior.
The value of H0 = 62.3 orresponds to an expansion age of 15.1 Gyr
in a at ΛCDM model with ΩΛ = 0.7. This gives a suient time frame
for the oldest ages in the Galaxy. Stellar-evolution models give for M107
14.0 ± 2.8 (Chaboyer et al. 2000) and for M92 13.5 Gyr (VandenBerg et al.
2002). Models of the hemial evolution of the Galaxy yield ages of the
atinides of 12.4−14.7 Gyr (Thielemann et al. 1987) or a U/Th age of 14.5±2.5
(Dauphas 2005). The emphasis has shifted over the last years to the Th/Eu
dating of ultra-metal-poor giants. Typial results lie between 14.2± 3.0 and
15.6 ± 4.0 Gyr (Cowan et al. 1999; Westin et al. 2000; Truran et al. 2001;
Sneden et al. 2003). The ages are to be inreased by the gestation time of
the relevant objets; some galaxies may also have started their star formation
before the Galaxy did. The present age determinations are not yet suiently
aurate to set stringent limits on H0, but the essential point is that none of
these ages are signiantly larger than allowed for by the expansion age.
24
Aknowledgement. My sinere thanks go to the Astronomishe Gesellshaft
whih gave me the honorable and joyful opportunity for this report. I want
to thank also my two honored teahers, Wilhelm Beker, himself a Karl-
Shwarzshild Leturer, and Allan Sandage, with whom I had the hane to
ollaborate for 43 years. Many other ollaborators, too numerous to be named
here, have helped me with their ideas and knowledge and friendship. Without
the unbureaurati support of the Swiss National Siene Foundation during
more than three deennia my sienti life would have been poorer.
Referenes
Aaronson, M., & Mould, J. 1986, ApJ 303, 1
Baade, W. 1944, ApJ 100, 137
Baade, W. 1948, PASP 60, 230
Baade, W. 1952, IAU Trans. VIII (Cambridge: Cambridge Univ. Press), 397
Baade, W., & Swope, H.H. 1954, Yearbook Carnegie Inst. 53, 20
Baade, W., & Swope, H.H. 1963, AJ 68, 435
Baron, E., Nugent, P., Branh, D., & Haushildt, P.H. 2004, ApJ 616, L91
Behr, A. 1951, A.N. 279, 97
Bottinelli, L., Gouguenheim, L., Paturel, G., & Teerikorpi, P. 1986, A&A 156, 157
Bottinelli, L., Gouguenheim, L., Paturel, G., & Teerikorpi, P. 1991, A&A 252, 550
Branh, D. 1998, ARA&A 36, 17
Butkevih, A.G., Berdyugin, A.V., & Teerikorpi, P. 2005, MNRAS 362, 321
Cantiello, M., Blakeslee, J. P., Raimondo, G., Mei, S., Broato, E., & Capaioli,
M. 2005, ApJ 634, 239
Carlstrom, J. E., Holder, G. P., & Reese, E. D. 2002, ARA&A 40, 643
Chaboyer, B., Sarajedini, A., & Armandro, T. E. 2000, AJ 120, 3102
Cohen, J.G. 1985, ApJ 292, 90
Cowan, J. J., et al. 1999, ApJ 521, 194
Da Costa, G. S., & Armandro, T. E. 1990, AJ 100, 162
Dale, D.A., Giovanelli, R., Haynes, M. P., Campusano, L. E., & Hardy, E. 1999, AJ
118, 1489
de Sitter, W. 1930, BAN 5, 157
de Vauouleurs, G. 1970, ApJ 159, 435
de Vauouleurs, G. 1977, in: Déalage vers le rouge et expansion de l'univers, eds.
C. Balkowski & B. E. Westerlund, IAU Coll. 37, (Paris: Ed. CNRS), 301
de Vauouleurs, G. 1978, ApJ 224, 710
de Vauouleurs, G., & Bollinger, G. 1979, ApJ 233, 433
de Vauouleurs, G., & Peters, W. 1985, ApJ 297, 27
Dauphas, N. 2005, Nature 435, 1203
25
Djorgovski, S., & Davis, M. 1987, ApJ 313, 59
Dressler, A. 1987, ApJ 317, 1
Dressler, A., Faber, S.M., Burstein, D., Davies, R. L., Lynden-Bell, D., Terlevih,
R. J., & Wegner, G. 1987, ApJ 313, L37
Ekholm, T., Teerikorpi, P., Theureau, G., Hanski, M., Paturel, G., Bottinelli, L., &
Gouguenheim, L. 1999, A&A 347, 99
Faber, S.M., & Jakson, R. E. 1976, ApJ 204, 668
Faber, S.M., et al. 1989, ApJS 69, 763
Federspiel, M. 1999, Ph.D. Thesis, Univ. of Basel
Federspiel, M., Sandage, A., & Tammann, G.A. 1994, ApJ 430, 29
Federspiel, M., Tammann, G.A., & Sandage, A. 1998, ApJ 495, 115
Fernie, J. D. 1995, PASP 82, 1189
Ferrarese, L., et al. 2000, ApJ 529, 745
Ford, H.C., & Jenner, D.C. 1978, BAAS 10, 665
Fouqué, P., Storm, J., & Gieren, W. 2003, Let. Notes Phys. 635, 21
Freedman, W. L., et al. 2001, ApJ 553, 47
Giovanelli, R. 1997, in The Extragalati Distane Sale, ed. M. Livio (Cambridge
Univ. Press), 113
Giovanelli, R., et al. 1997, AJ 113, 22
Goodwin, S. P., Gribbin, J., & Hendry, M.A. 1997, AJ 114, 2212
Gouguenheim, L. 1969, A&A 3, 281
Hanes, D.A. 1982, MNRAS 201, 145
Hanes, W.E. 1991, ARA&A 29, 543
Hendry, M.A., Rauzy, S., Goodwin, S. P., & Gribbin, J. 2001, MNRAS 324, 717
Herrnstein, J. R., et al. 1999, Nature 400, 539
Hertzsprung, E. 1914, A.N. 196, 201.
Holmberg, E. 1950, Medd. Lunds Astr. Obs. 2, No. 128
Holmberg, E. 1958, Medd. Lunds Astr. Obs. 2, No. 136
Hubble, E. 1925, ApJ 62, 409
Hubble, E. 1926, ApJ 63, 236
Hubble, E. 1929a, ApJ 69, 103
Hubble, E. 1929b, Pro. Nat. Aad. Si. 15, 168
Hubble, E. 1936, The Realm of Nebulae (New Haven: Yale Univ. Press)
Humason, M. L. 1936, ApJ 83, 10
Humason, M. L., Mayall, N.U., & Sandage, A.R. 1956, AJ 61, 97 (HMS)
Humphreys, R.M., & Strom, S. E. 1983, ApJ 264, 458
Jensen, 2003, ApJ 550, 503
Jones, M. E., et al. 2005, MNRAS 357, 518
26
Jørgensen, I., Franx, M., & Kjærgaard, P. 1996, MNRAS 280, 167
Karahentsev, I. D. et al. 2003, A&A 398, 479
Kelson, D.D. et al. 1996, ApJ 463, 26
Kenniutt, R.C., Freedman, W. L., & Mould, J. R. 1995, AJ 110, 1476
Kenniutt, R.C., et al. 1998, ApJ 498, 181
Kohanek, C. S., & Shehter, P. L. 2004, in Measuring and Modeling the Universe,
ed. W. L. Freedman (Cambridge: Cambridge Univ. Press), 117
Koopmans, L.V.E., Treu, T., Fassnaht, C.D., Blandford, R.D., & Surpi, G. 2003,
ApJ 599, 70
Kowal, C. T. 1968, AJ 73, 1021
Kraan-Korteweg, R.C. 1986, A&AS 66, 255
Kraan-Korteweg, R.C., Cameron, L.M., & Tammann, G.A. 1988, ApJ 331, 620
Lee, M.G., Freedman, W. L., & Madore, B. F. 1993, ApJ 417, 553
Lemaître, G. 1927, Ann. So. Si. Bruxelles 47, 49
Lundmark, K. 1920, The relation of the globular lusters and spiral nebulae to the
stellar system, (Stokholm: Handlingar)
Lynden-Bell, D., et al. 1988, ApJ 326, 19
Mari, L.M., et al. 2001, ApJ 559, 243
Madore, B. F. 1976, MNRAS 177, 157
Madore, B. F., & Freedman, W. L. 1991, PASP 103, 933
Madore, B. F., Freedman, W. L., & Sakai, S. 1997, in: The Extragalati Distane
Sale, eds. M. Livio, M. Donahue, & N. Panagia (Cambridge: Cambridge
Univ. Press), 239
Malmquist, K.G. 1920, Lund Medd. Ser. II 22, 1
Malmquist, K.G. 1922, Lund Medd. Ser. I 100, 1
Mathewson, D. S., & Ford, V. L. 1996, ApJS 107, 97
Mathewson, D. S., Ford, V. L., & Buhhorn, M. 1992, ApJS 81, 413
Mei, S., Sodeggio, M., Silva, D.R., & Quinn, P. J. 2003, A&A 399, 441
Méndez, R.H., Kudritzki, R. P., Ciardullo, R., & Jaoby, G.H. 1993, A&A 275, 534
Mineur, H. 1945, C.R. Aad. Si. Paris 220, 445
Minkowski, R. 1962, in: Problems of Extra-Galati Researh, ed. G.C. MVittie,
IAU Symp. 15, (New York: Mamillan), 112
Mould, J. R., et al. 2000, ApJ 529, 786
Nadyozhin, D.K. 2003, MNRAS 346, 97
Ngeow, C.-C., & Kanbur, S.M. 2004, MNRAS 349, 1130
Ngeow, C.-C., Kanbur, S.M., Nikolaev, S., Buonaorsi, J., Cook, K.H., & Welh,
D.L. 2005, MNRAS 363, 831
Öpik, E. 1921, Weltkunde (Russian) 10, 12
Öpik, E. 1922, ApJ 55, 406
27
Oort, J. H. 1931, BAN 6, 155
Paturel, G., et al. 1998, A&A 339, 671
Rebolo, R., et al. 2004, MNRAS 353, 747
Reindl, B., Tammann, G.A., Sandage, A., & Saha, A. 2005, ApJ 624, 532
Riess, A.G., et al. 2005, ApJ, 627, 579
Rithey, G.W. 1917, PASP 29, 207
Robertson, H.P. 1928, Phil. Mag. 5, 835
Saha, A., Thim, F., Tammann, G. A., Reindl, B., & Sandage, A. 2005, ApJ, sub-
mitted
Saha, P., & Williams, L. L.R. 2003, AJ 125, 2769
Sakai, S. 1999, in: Cosmologial Parameters and the Evolution of the Universe, ed.
K. Sato, IAU Symp. 183, 48
Sakai, S., et al. 2000, ApJ 529, 698
Sakai, S., Ferrarese, L., Kenniutt, R. C., & Saha, A. 2004, ApJ 608, 42
Salaris, M., & Cassisi, S. 1997, MNRAS 289, 406
Sambhus, N., Gerhard, O., & Méndez, R.H. 2005, AJ, preprint (astro-ph/0510499)
Sandage, A. 1953, AJ 58, 61
Sandage, A. 1954, AJ 59, 180
Sandage, A. 1958, ApJ 127, 513
Sandage, A. 1962, in: Problems of Extra-Galati Researh, ed. G. C. MVittie,
IAU Symp. 15, 359
Sandage, A. 1967, ApJ 150, L9
Sandage, A. 1968, ApJ 152, L149
Sandage, A. 1972, ApJ 178, 1
Sandage, A. 1973, ApJ 183, 731
Sandage, A. 1996, AJ 111, 1 and 18
Sandage, A. 1998, in: Supernovae and Cosmology, eds. L. Labhardt, B. Binggeli, &
R.Buser, (Basel: Astron. Inst.), 201
Sandage, A. 1999a, ARA&A 37, 445
Sandage, A. 1999b, ApJ 527, 479
Sandage, A. 2002, AJ 123, 1179
Sandage, A., & Hardy, E. 1973, ApJ 183, 743
Sandage, A., & Tammann, G.A. 1968, ApJ 151, 531
Sandage, A., & Tammann, G.A. 1974a, ApJ 191, 603
Sandage, A., & Tammann, G.A. 1974b, ApJ 194, 223
Sandage, A., & Tammann, G.A. 1974, ApJ 194, 559
Sandage, A., & Tammann, G.A. 1975, ApJ 197, 265
Sandage, A., & Tammann, G. A. 1981, A Revised Shapley-Ames Catalog of Bright
Galaxies (Washington: Carnegie Inst. of Washington), Publ. 635
28
Sandage, A., & Tammann, G.A. 2006, ARA&A, in press
Sandage, A., & Tammann, G.A., & Federspiel, M. 1995, ApJ 452, 1
Sandage, A., Tammann, G.A., & Reindl, B. 2004, A&A, 424, 43
Sandage, A., Tammann, G.A., Saha, A., Reindl, B., Mahetto, F. D., & Panagia,
N. 2006, ApJ, submitted
Sérsi, J. L. 1960, Zs. f. Ap. 50, 168
Shapley, H. 1915, Mt. Wilson Contrib. 116, 82
Shapley, H. 1918, ApJ 48, 154
Slipher, V.M. 1914, Bulletin Lowell Obs. 62, 66
Sneden, C., et al. 2003, ApJ 591, 936
Spaenhauer, A.M. 1978, A&A 65, 313
Stebbins, J., Whitford, A.E., & Johnson, H.L. 1950, ApJ 112, 469
Tammann, G.A. 1979, in: Sienti Researh with the Spae Telesope, (Washing-
ton: Printing Oe), 263
Tammann, G. A. 1993, in: Planetary Nebulae, eds. R. Weinberger & A. Aker, IAU
Symp. 155, 515
Tammann, G.A., Reindl, B., Thim, F., Saha, A., & Sandage, A. 2002, in: A New
Era in Cosmology, eds. T. Shanks & N. Metalfe, ASP Conf. Ser. 283, 258
Tammann, G.A., & Sandage, A. 1968, ApJ 151, 825
Tammann, G.A., & Sandage, A. 1985, ApJ 294, 81
Tammann, G. A., & Sandage, A. 1999, in: Harmonizing Cosmi Distane Sales in
a Post-Hipparos Era, eds. D. Egret & A. Hek, ASP Conf. Ser. 167, 204
Tammann, G.A., Sandage, A., & Reindl, B. 2003, A&A, 404, 423
Tammann, G.A., Yahil, A., & Sandage, A. 1979, ApJ 234, 775
Tanvir, N.R., Ferguson, H.C., & Shanks, T. 1999, MNRAS 310, 175
Teerikorpi, P. 1984, A&A 141, 407
Teerikorpi, P. 1987, A&A 173, 39
Teerikorpi, P. 1997, ARA&A 35, 101
Teerikorpi, P., Ekholm, T., Hanski, M.O., & Theureau, G. 1999, A&A 343, 713
Theureau, G., Hanski, M., Ekholm, T., Bottinelli, L., Gouguenheim, L., Paturel,
G., & Teerikorpi, P. 1997, A&A 322, 730
Thielemann, F.-K., Cowan, J. J., & Truran, J.W. 1987, in: 13th Texas Symp. Rel-
ativ. Ap. (Singapore: World Si. Publ.), 418
Tonry, J. & Shneider, D.P. 1988, AJ 96, 807
Tonry, J. L., et al. 2001, ApJ 546, 681
Truran, J.W., Burles, S., Cowan, J. J., Sneden, C. 2001, in: Astrophysial Ages and
Times Sales, eds. T. von Hippel, C. Simpson, & N. Manset, ASP Conf.
Ser. 245, 226
Tully, R. B., & Fisher, J. R. 1977, A&A 54, 661
29
Turner, A., et al. 1998, ApJ 505, 207
Udalski, A., Szymanski, M., Kubiak, M., Pietrzynski, G., Soszynski, I., Wozniak,
P., & Zebrun, K. 1999, AA 49, 201
Udomprasert, P. S., Mason, B. S., Readhead, A.C. S., & Pearson, T. J. 2004, ApJ
615, 63
VandenBerg, D.A., Rihard, O., Mihaud, G., & Riher, J. 2002, ApJ 571, 487
van den Bergh, S. 1960a, J. R. Ast. So. Canada 54, 49
van den Bergh, S. 1960b, ApJ 131, 215
van den Bergh, S. 1960, ApJ 131, 558
van den Bergh, S. 1960d, Publ. David Dunlap Obs. 2, 159
van den Bergh, S., Prithet, C., & Grillmair, C. 1985, AJ, 90, 595
van Maanen, A. 1923, ApJ 57, 264
Westin, J., Sneden, C., Gustafsson, B., & Cowan, J. J. 2000, ApJ 530, 783
Whitmore, B. C. 1997, in: The Extragalati Distane Sale, eds. M. Livio, M. Don-
ahue, & N. Panagia (Cambridge: Cambridge Univ. Press), 254
Yahil, A., Sandage, A., & Tammann, G. A. 1980, in Physial Cosmology, eds.
E. Balian, J. Audouze, & D.N. Shramm (Amsterdam: North-Holland),
127
Yahil, A., Tammann, G. A., & Sandage, A. 1977, ApJ 217, 903
York, T., Jakson, N., Browne, I.W.A., Wuknitz, O., & Skelton, J. E. 2005, MN-
RAS 357, 124
Zwiky, F. 1962, in: Problems of Extra-Galati Researh, ed. G.C. MVittie, IAU
Symp. 15, 347
30
